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CO-INDEPEHD^T GROWTH MEDIUM FOR MAINTENANCE 
AND PROPAGATION OF CELLS 

The present invention is related generally to 
cellular growth media. More particularly, the present 
5 invention is related to providing a growth medium which 
allows maintenance and propagation of cells in normal 
atmospheric C0 2 , that is without requiring an exogenous, 
regulated supply of enriched carbon dioxide for buffering. 

BACKGROUND OF TUT. TTJVT^ynvj 

Conventional growth media, containing bicarbonate 
ion as the primary buffering component, require a special 
carbon dioxide atmosphere (to maintain physiological pH of 
about 7.2-7.4). This necessitates expensive incubators 
with a controlled atmosphere andHhas the disadvantage that 
normal working manipulations, which must be done outside 
of this special atmosphere, lead to rapid changes in the 
PH of the medium which, in turn, stress cells and alter 
their functionality. 

Several culture media for propagation of cells in 
atmospheric C0 2 are commercially available. of these, 
RPMI 1630 was found to be unsatisfactory in the current 
study for propagation of cell lines representing 7 tumor 
histologies. L-15 appears to be superior to rpmi 1630 for 
culture of tumor cells in atmospheric C0 2 without added 
bicarbonate and a C0 2 enriched atmosphere. However, L-15 
medium is inadequate for growing many kinds of human tumor 
cells and was found to be incompatible with drug toxicity 
evaluation utilizing tetrazolium reduction endpoints due 
to the lack of the sugar D-glucose in its formulation. 

SUMMARY OV THE TMOT^i-^ 

It is, therefore, an object of the present 
invention to provide a cellular growth medium which, 
unlike heretofore known growth media, supports the growth 
of a wide variety of tumor and non-tumor cells of human 
and non-human origin in a non-C0 2 enriched atmosphere. 

It is a further object of the present invention to 
provide a C0 2 -independent culture medium suitable for in 
2i££a anticancer drug screen, employing a broad panel of 
human tumor cell lines. 
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Another object of the present invention is to 
provide a C0 2 -independent culture medium suitable for a 
wide variety of cell culture technologies where employing 
C0 2 to control the medium pH is cumbersome, expensive, 
5 impractical or undesirable. 

Various other objects and advantages will become 
evident from the following detailed description of the 
invention. 

brief PEgcRimog or tpe pr&hisss 

0 These and other objects, features and many of the 

attendant advantages of the invention will be better 
understood u P° n ._a _ reading of the following detailed 
description when considered in connection with the 
accompanying drawings wherein: 

5 Figure 1 shows the comparative results of the 

buffering capacity of RPMI 1640, RPMI 1630, L-15, and PDRG 
basal growth medium. Fifteen ml of serum-free RPMI 1640 
(□) , RPMI 1630 (•) , L-15 (■) , and PDRG basal growth medium 
(a) was adjusted to pH 6.0 with 1 M HC1. Sodium hydroxide 

0 (IN) was added in 15 fil aliquots and the pH determined. 

Figures 2A-2G show the comparative results of the 
adaption of Human Tumor Cell Lines to Growth in 
Atmospheric C0 2 . Cell lines, in RPMI 1640 growth medium, 
were trypsinized and subcultures weekly in RPMI 1640 

5 medium (□) for growth in 5% C0 2 or in RPMI 1630 (•) , l-15 
(■) or PDRG basal growth medium (a) for growth in 
atmospheric C0 2 . 

Figures 3A-3G show the comparative growth curves 
of Human Tumor Cell Lines in Atmospheric C0 2 . Cell lines, 

5 in RPMI 1640 medium (□) , l-15 medium (■), or PDRG basal 
growth medium (a), were trypsinized, seeded into 25 cm 2 
flasks and counted at 24 hour intervals. 

Figures 4 A and 4B show the growth of the P388 and 
L1210 murine lymphocytic leukemias in atmospheric C0 2 in 

> PDRG basal growth medium (□) or in RPMI 1640 medium (I) in 
5% C0 2 . 

Figures 5A-5E show the growth of 4 human 
fibroblast cell lines (MRC-5, CCD-19 LU, MAR BEL and IMR- 
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90) and one murine fibroblast (3T3) in PDRG basal growth 
medium (D) in atmospheric C0 2 or in either RPMI 1640 (I) 
medium (human fibroblasts) or Dulbecco's Modified Eagles 
Medium (DMEM) (3T3 murine fibroblast in 5% carbon dioxide. 
5 Figures 6A and 6B show the stimulation of Cellular 

Proliferation in Atmospheric C0 2 by Oxaloacetic Acid. 
Cell lines, in PDRG basal growth medium, were exposed to 
the indicated concentration of oxaloacetic acid. Cells 
were trypsinized and counted five days later. 

10 Figures 7A and 7B show the optimization of PDRG 

basal growth medium for Propagation of Leukemia Cells in 
Atmospheric CO a . Top Panel: K562 chronic myelogenous 
leukemia -cells, in RPMI 1640 growth medium," were-passaged 
weekly in RPMI 1640 medium (□) , PDRG basal growth medium 

15 (a) or in PDRG basal growth medium supplemented (t) with, 
in mg/L, adenosine (10) , Cytidine (10) , Guanosine (10), 
Uridine (10) , Inosine (25) , and Orotic Acid (15) . 
Bottom Panels Cells were harvested following 3 passages 
in the respective medium, seeded at the indicated 

20 concentration in the same medium, and harvested for daily 
cell counts. 

PETAILED DESCRIPTION OP TOR inventtom 
The above and various other objects and advantages 
of the present invention are achieved by the formulation 
25 of a basal medium for growth or maintenance of cells in 
atmospheric C0 2 and composed essentially of the 
ingredients listed in Table 2. The basal medium of the 
present invention is designated herein as PDRG basal 
growth medium. 

30 Unless defined otherwise, all technical and 

scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although any methods and 
materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention, the preferred methods and materials are now 
described. All publications mentioned hereunder are 
incorporated herein by reference. Unless mentioned 
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otherwise, the techniques employed or contemplated herein 
are standard methodologies well known to one of ordinary 
skill in the art. The materials, methods and examples are 
illustrative only and not limiting. 
5 The term "atmospheric C0 2 « as used herein means 

the co 2 content that naturally occurs in the atmospheric 
air at normal temperature and pressure. 

The term w C0 2 -independent" as used herein means 
that no exogenous, regulated supply of enriched C0 2 is 
10 required. 

The term "cells" as used herein means human or 

non-human, tumor or non-tumor cells required to be grown, 

maintained or propagated in an in vitro system in a C0 2 - 
independent atmosphere. 
15 MATERIALS AND METHODS 

Unless indicated otherwise, all materials were 
easily obtained from commercial sources. 

Comparative Buffering Capacity of p pmi isao. p PMI 163Q , Ti , 
15 and PDRG Basal Growth M^Ji^ 
20 Fifteen ml of serum-free medium was adjusted to pH 

6.0 with 1 N HC1. Sodium hydroxide (1 N) was added in 15 
Ml aliquots and the pH determined following vigorous 
vortexing. 

Adaption of Cell Lines? to Growt h in Atmospheric CO - 
25 Ce H lines (Table l) were obtained from the tumor 

repository, (Frederick, MD) . Human tumor cell lines were 
routinely grown in RPMI 1640 medium (Quality Biological, 
Gaithersburg, MD) containing 5% fetal bovine serum 
(Hyclone Laboratories, Logan, UT) . Cultures were 
30 maintained in 75 cm 2 Costar culture flasks in a humidified 
atmosphere of 95% air, 5% carbon dioxide and were passaged 
at 85-90% of confluency. cells were removed by 
trypsinization and subcultured according to following 
procedure: Medium was decanted and the cells rinsed once 
*5 with 2 ml 0.05% trypsin containing 0.1% EDTA (Quality 
Biological, Gaithersburg, MD) . The cells were then 
overlayed for 2-5 min. with 1.5 ml of a trypsin solution 
which was prepared by adding 1 ml of a 1% trypsin solution 
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(Sigma Type III, 2X recrystallized) in a Ca^/Mg 2 * free 
phosphate buffered saline to 50 ml o.05% trypsin 
containing 0.05% EDTA. Tumor cells were plated in 75cm 2 
Costar culture flasks at a concentration of l x io 4 
cells/cm 2 in 30 ml RPMI 1640, RPMI 1630 (Quality 
Biological, Gaithersburg, MD) , L-15 (Quality Biological, 
Gaithersburg, MD) or PDRG basal growth medium containing 
5% fetal bovine serum. cells were maintained in a 
humidified atmosphere at 37»C in 5% C0 2 (RPMI 1640) or 
atmospheric C0 2 (RPMI 1630, L-15 and PDRG basal growth 
medium) . Cells were trypsinized and subcultured weekly in 
the respective media for a period of four weeks. 

A11 cel1 counts were performed on a Model ZM 
Coulter Counter (Hialeah, FL) . 

Pour human fibroblast cell lines (MRC-5, CCD19-LU, 
Mar Bel and IMR-90) and 1 murine fibroblast (3T3) were 
adapted to growth in atmospheric C0 2 in PDRG basal growth 
medium containing 10% fetal calf serum. Growth curves of 
each cell line in 5% C0 2 in RPMI 1640 medium containing 
10% fetal bovine serum and in PDRG basal growth medium in 
atmospheric C0 2 were performed as indicated below. The 
L1210 and P388 murine lymphocytic leukemia were similarly 
adapted to growth in PDRG basal growth medium containing 
10% fetal bovine serum. 

SKQWth Curves of Cell Lines in Afcmc^ p herie m> . 

Growth curves of cell lines in L-15 and PDRG basal 
growth medium were performed following adaption of cells 
to growth in normal atmospheric C0 2 in the respective 
medium for a period of six weeks. Cells were trypsinized 
as described above and plated at a density of 7 x 10 s 
cells/cm 2 in 25 cm 2 Costar tissue culture flasks 
containing 7 ml of medium. Cells were trypsinized at 24 
hour intervals and counted as described above. 
Promotion of Cellular Prolifera t ion in At mos »hPr^ ro_ by 

35 fflalaassfcifi &sid 

The effect of oxaloacetic acid upon proliferation 
of cell lines was examined in the following manner. Cells 
utilized for these experiments had been adapted to growth 
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in atmospheric C0 2 in PDRG basal growth medium. Cells 
were trypsinized, seeded into 25 cm 2 Costar flasks 
containing 7 ml PDRG Basal growth medium at a 
concentration of 1.4 x 10 4 cells/cm 2 . Twenty-four hours 
5 later, oxaloacetic acid was added to a final concentration 
of 0,1 mM to 6.0 mM. Oxaloacetic acid (Sigma chemical 
Co., St. Louis, MO) was prepared as a 200 mM stock 
solution in distilled water, the pH adjusted to 6.5 with 
NaOH and the resulting stock solution stored at -80°c 
10 until use. 

&icroculture Tetrazolium an d Sulforhodamine B (SRB1 Assays 
^^jj^ffl Qf In Vitro Drug Effects in Atmospheric 



Tests were done to determine whether dose response 
curves of selected drugs performed with cells grown in an 
exposed to drugs in 5% C0 2 environment and were comparable 
to those obtained with cells grown in and exposed to the 
respective drug in atmospheric C0 2 . Adriamycin, BCNU and 
tamoxifen were obtained from the Drug Prep Laboratory at 
the National Cancer Institute, Frederick Cancer Research 
Facility. Dose response curves were performed with cells 
maintained in RPMI 1640 medium under 5% co 2 and in PDRG 
basal growth medium in atmospheric C0 2 . Drug effects were 
quantitated following a 3 day drug exposure by both the 
MTT tetrazolium (Alley et al, 1988, Cancer Res. . 48:589- 
601) and the SRB protein assay (Skehan et al, 1989, Proc. 
Amey, frgsog. gfrpceyr pes. , 30:612). Briefly, cold 50% 
trichloroacetic acid was gently layered on top of growth 
medium to a final concentration of 10% and the cells were 
fixed for 60 minutes at 4°c. Fixed cells were rinsed five 
times with tap water and stained for 15 minutes with 0.4% 
SRB (Sigma Chemical Col, St. Louis, MO) in 1% acetic acid. 
Unbound dye was removed by rinsing cells five times with 
1% acetic acid and the stained cells were air dried. The 
bound dye was extracted with 10 mM unbuffered Tris base 
(pH 10 to 10.5) and the absorbance was read at 564 nM. 
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RESULTS 

frtedjmq Esaaialafclflnj Selection of the P^ ^marv Buffers ^ 

Optimisation for Cellular Growth In Atmospheric CO- 

The HT 29 colon adenocarcinoma was utilized as a 
5 representative cell line to test the formulation of PDRG 
basal growth medium (Table 2) in atmospheric C0 2 . The 
present formulation incorporates high concentrations of 
the free bases of several L-amino acids: arginine, 
cysteine, histidine, lysine and tyrosine. In addition to 

10 utilizing high concentrations of these amino acids, PDRG 
basal growth medium was buffered by addition of 20 mM p- 
glycerophosphate. PDRG basal growth medium was optimized 
. for growth of cells in atmospheric COj by incorporation of 
biotin, low concentrations of bicarbonate ion, pyruvic 

15 acid, asparagine and oxaloacetic acid into the medium. 

The requirement of bicarbonate ion for several biochemical 
processes including fatty acid biosynthesis necessitated 
its inclusion in the formulation of PDRG basal growth 
medium at a concentration (75 mg/L) in excess of that 

20 provided by serum. This was the maximum concentration of 
bicarbonate which could be added to the medium which did 
not require exogenous 0(> 2 buffering to maintain stable pH. 
Comparative fiuf faring Capacity of .RPMI 1640. Rpmt n^n r T - 
15 and PDRG Basal Growfcfr Medium 

25 She base titration of an acidified aliquot (pH 

6.0) of each culture medium provided a measure of relative 
buffering capacity (Figure 1). PDRG basal growth medium 
was identical in this regard, to RPMI 1640, the 
bicarbonate based culture medium, and its resistance to 

30 alkalinization was substantially greater than either RPMI 
1630 or L-15. Base titration of RPMI 1630 and L-15 
indicated that the equivalents of [0H-] required to 
increase the pH of the medium from 6.0 to 7.5 was 1.6 and 
3.7-fold less, respectively, than that observed with PDRG 

35 basal growth medium. 

Adaption of gum^n . — Turgor Cell Lines to Growth In 

Atmosphere £g 2 

The results of tests designed to examine the 
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feasibility of propagating human tumor cell lines, 
representing a broad spectrum of disease types, in 
atmospheric C0 2 are presented in Figure 2. initial 
experiments were undertaken with the HT 29 colon 
5 adenocarcinoma. Growth profiles in rpmi 1630, L-15 and 
PDRG basal growth medium in atmospheric co 2 were compared 
to those obtained with cells grown in RPMI 1640 medium 
under 5% C0 2 . These results indicated that removal of HT 
29 from a 5% C0 2 environment and growth in atmospheric C0 2 
10 in PDRG basal growth medium was initially accompanied by a 
50% reduction in cell growth. This was in contrast to 
...3.7- and 125-fold reductions _in growth of jut 29 cells 
cultured in L-15 and RPMI 1630 media, respectively. 
Stable growth was obtained following 3-4 passages in the 
IS respective medium and resulted in nearly equivalent growth 
of the HT-29 cells in PDRG medium in" "atmospheric C0 2 and 
RPMI 1640 medium in 5% co 2 . The results of similar 
adaption experiments with other panel cell lines (Figure 
2) indicate that (2) RPMI 1630 medium was unsatisfactory 
20 for propagation of these cell lines in atmospheric C0 2 ; 
(b) densities of cells grown in 5% C0 2 were higher than 
those obtained for cells grown in atmospheric C0 2 ; and (c) 
PDRG basal growth medium was superior to L-15 medium for 
growth of the K562 myelogenous leukemia, the HT 29 colon 
25 adenocarcinoma and the SN12K1 renal carcinoma. Cell 
densities were equivalent in PDRG basal growth medium and 
L-15 medium for the HOP 62 lung adenocarcinoma, the XF 298 
glioblastoma and the M19Hel Melanoma. L-15 medium 
appeared to be superior to PDRG basal growth medium only 
30 for OVCAR-5, an ovarian carcinoma cell line. 

Growth Curves of cell Lines in Atmo spheric CO- 

Growth curves for selected human tumor cell lines 
in PDRG basal growth medium and L-15 medium in atmospheric 
co 2 and in RPMI 1640 medium in 5% C0 2 are presented in 
35 Figure 3. Calculation of the doubling time for each cell 
line in the respective medium (Table 3) indicates that the 
doubling times for the HOP 62 lung adenocarcinoma, the 
SN12K1 renal carcinoma and the XF 498 glioblastoma are 
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slightly longer in PDR6 basal growth medium in atmospheric 
C0 2 than in RPMI 1640 medium, under 5% C0 2 . The greatest 
discrepancy, a 2.7-fold increase, was found for the OVCAR 
5 ovarian carcinoma, in contrast, the doubling times for 
the Mi9Mel melanoma and the HT 29 colon adenocarcinoma are 
shorter in atmospheric <X> 2 than in 5% C0 2 . a growth curve 
for the P388 and L1210 murine lymphocytic leukemias in 5% 
C0 2 and in PDRG basal growth medium in atmospheric C0 2 is 
presented in Figure 4. Growth curves of 4 human and l 
murine fibroblast (Figure 5) in 5% co 2 and in pdrg basal 
growth medium in atmospheric 00 2 are almost identical. 

Promotion of growth o f Bissau Tu mor Ca n y — 1 r 

Atmospheric CO ? bv Oxalo^o^ 

Oxaloacetic acid, a tricarboxylic acid cycle 
intermediate, was evaluated for growth stimulation of each 
of the tumor cell lines (Figure 6). Incorporation of 
oxaloacetic acid into PDRG basal growth medium produced a 
maximum increase in cell proliferation in the HOP 62 lung 
adenocarcinoma of 25%, the HT 29 colon adenocarcinoma 
(13%), the SM2K1 renal carcinoma (28%) and the Ml9Mel 
Melanoma (38%). Growth stimulation by oxaloacetic acid 
occurred over a concentration range of 0.5 to 6.0 mM for 
these cell lines. The XF498 glioblastoma, the OVCAR 5 
ovarian carcinoma, and the R562 myelogenous leukemia were 
refractory to growth promotion by oxaloacetic acid. 

Optimisation Off PDRG Bflgfij "r i m* Medium f or Pr 0naq ^ j nr 
Of Leukemia Cell* < n E« Tno Sphe rl o nr^ ^ 

Adaption of tumor cell lines representing central 
nervous system, colon, renal, lung, melanoma and ovarian 
histologies to growth in atmospheric co 2 in PDRG basal 
growth medium was generally complete following 2-3 
passages (Figure 2). This contrasted with results 
obtained from the K562 chronic myelogenous leukemia. 
Removal of K562 from RPMI 1640 and growth in PDRG basal 
growth medium in atmospheric co 2 was accompanied by a 
progressive decline in growth for three passages followed 
by 5-6 passages of generally stable growth (Figure 2). 
However, although growth of K562 in PDRG basal growth 
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medium was superior to that in L-15 or RPMI 1630 (Figure 
3), it was substantially less than that in RPMI 1640 and 
5% C0 2 (Figure 3) . These observations suggested the 
possibility that metabolic production of co 2 for 
utilization in purine and pyrimidine biosynthesis might be 
limiting and prompted a detailed investigation into the 
effect of their supplementation on the growth of K562. 
Supplementation of PDRG basal growth medium with purine 
and pyrimidine bases or their ribo/deoxyribonucleotides 
resulted in minimal growth stimulation (data not shown) . 
However, supplementation of PDRG basal growth medium with 

the- purine nucleosides adenosine, guanosine and inosine, 

the pyrimidine nucleosides, cytidine and uridine, and the 
pyrimidine precursor, orotic acid, (Table 2) resulted in 
both the elimination of the lengthy period of adaption of 
K562 to growth in atmospheric C0 2 and considerable 
stimulation of growth of this cell line in atmospheric C0 2 
(Figure 7) . Growth of K562 in this modified PDRG basal 
growth medium in atmospheric C0 2 and in RPMI 1640 and 5% 
C0 2 were comparable. Examination of the doubling times 
(Td) of K562 in both media indicates similar doubling 
times for days 1-3 post seeding. However, for days 4-8, 
cells grown in modified PDRG basal growth medium had 
substantially shorter Tds than cells grown in RPMI 1640 
(Table 4) . A similar pattern emerged when comparing 
specific growth rates for K562 cells grown in both media 
(Table 4). In addition, the saturation density for K562 
cells grown in the modified PDRG basal growth medium was 
50% greater than that obtained with RPMI 1640 (Figure 7) . 
I£so Values for Selected Drugs in A tmospheric co 2 

IC 50 values for adriamycin, BCND and tamoxifen in 
atmospheric C0 2 and 5% co 2 are presented in Table 5. 
Similar values were obtained under both experimental 
conditions. However, in general, cells were more 
sensitive to these drugs when the MTT tetra2olium assay 
was employed to evaluate cell viability as compared to the 
SRB protein assay. This enhanced sensitivity is reflected 
by lower IC 50 values and occurred both in atmospheric C0 2 
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and in 5% C0 2 . 



In short, the data presented herein clearly 
indicate that RPMI 1630, which utilizes dibasic sodium 
phosphate as a primary buffer (Moore et al, 1966, jwci . 
36:405-421) was unsatisfactory (Figure 2). L-15, 
developed by Leibovitz for propagation of cells in 
atmospheric co 2 (Leibovitz, 1963, Amer. J. h y<? . , 78:172- 
180) was superior to RPHI 1630 in the current study 
(Figure 2) , but found to be unsatisfactory for utilization 
in metabolic assays which measure cellular viability with 
tetrazolium salts. 

The results obtained with PDRG basal growth medium 
indicate that murine and a broad range of human tumor cell 
lines representing a number of different histologies as 
15 well as several human and murine fibroblasts can be 
successfully adapted to growth in atmospheric C0 2 in PDRG 
basal growth medium (Table 2). This medium does not 
require exogenous C0 2 since bicarbonate ion is eliminated 
as the primary buffering component. 
20 Tn* requirement of C0 2 for a variety of cellular 

biochemical processes, including purine, pyrimidine and 
fatty acid biosynthesis, resulted in incorporation into 
the PDRG basal growth medium of several components 
designed to facilitate metabolic production and 
25 utilization of C0 2 : (i) biotin, a cofactor for 
carboxylation reactions, (2) pyruvic acid, a 
monocarboxylic acid which acts both as a metabolic source 
of oo 2 via decarboxylation as well as by providing a 
source of acetyl coenzyme A for metabolic stimulation of 
co 2 production by the tricarboxylic acid cycle and (3) L- 
asparagine, a c 4 amino acid which can be converted 
intracellulary to L-aspartic acid and oxaloacetic acid by 
the cytosolic enzyme L-asparagine amidohydrolase (B.C. 
3.5.1.1.) and the mitochondrial enzyme L-aspartate 2- 
oxoglutarate aminotransferase (B.C. 2.6.1.1.), respective- 
ly. In addition, oxaloacetic acid, a tricarboxylic acid 
cycle intermediate, was tested as a partial replacement 
for C0 2 . Oxaloacetic acid was found, in the present 
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study, to increase cellular proliferation in several cell 
lines (Figure 6) but was not included in the pdrg Basal 
Medium formulation because it produced marked inhibition 
of cell growth in the OVCAR 5 ovarian carcinoma, the XF 
498 glioblastoma, and the K562 myelogenous leukemia. 
Additionally, oxaloacetic acid undergoes spontaneous 
decarboxylation resulting in alkalinization of growth 
medium. These results suggest that oxaloacetic acid 
should be evaluated for growth promotion in individual 
cell lines and, in instances where promotion of growth is 
observed, be incorporated into experimental protocols 
utilizing those .cell lines. In addition, incorporation of- 
purine nucleosides (adenosine, guanosine and inosine) , 
pyrimidine nucleosides (cytidlne and uridine) and the 
pyrimidine precursor orotic acid eliminated the period of 
adaption of the K562 chronic myelogenous leukemia to 
growth in atmospheric C0 2 and resulted in nearly identical 
growth in RPMI 1640 and 5% C0 2 and modified PDRG basal 
growth medium and atmospheric C0 2 (Figure 7, Table 4). 
The reduced growth of K562 in PDRG basal growth medium 
(Figures 2, 3, 7) and the ability of purine and pyrimidine 
nucleosides to eliminate this growth differential suggests 
that metabolic production of C0 2 for incorporation into 
nucleic acid precursors may be limiting in this cell line. 
25 roR6 basal growth medium exhibits several 

desirable characteristics for use in a high-flux drug 
screening mode. First, the medium has good pH stability 
and buffering capacity in atmospheric co 2 . This prevents 
changes in medium pH during periods when cells are being 
seeded into assay plates as well as during drug treatment. 
Second, the medium exhibits the capability for large scale 
growth of a broad range of human tumor cell lines. Third, 
since D-glucose is the principal carbohydrate in the 
formulation, the medium is compatible for use with either 
35 tetrazolium or protein based assays for determination of 
cellular viability. Finally, ic 50 values for adriamycin, 
BCND and tamoxifen were similar in cell lines maintained 
in PDRG basal growth medium in atmospheric C0 2 and in RPMI 
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1640 and a 5% C0 2 environment. 

Of course, as is well known in the art, the cell 
culture medium of the present invention can be used in 
conjunction with hollow fiber and associated techniques 
for mass production of cells and products thereof, such as 
growth factors, hormones, antibodies, biological response 
modifiers and the like where the use of C0 2 to control the 
medium pH is found cumbersome, expensive, impractical or 
undesirable. The growth medium of the present invention 
lends itself to both general and specialized cell culture 
applications. 

xt is understood that the examples and embodiments 

described herein are for illustrative purposes only and 
that various modifications or changes in light thereof 
will be suggested to persons skilled in the art and are to 
be included within the spirit and purview of this 
application and scope of the appended claims. 
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Table 1. cell Lines Utilized for Growth in Atmospheric 
CO 



CeJ.1 frjLne 



HitetQlogy 



10 



XF 498 
M19MEL 
OVCAR 5 
A 2780 
HOP 62 
SN12K1 
HT 29 
K 562 
P 388 
L 1210 



Human Central Nervous System (Glioblastoma) 

Human Melanoma 

Human Ovarian Adenocarcinoma 

Human Ovarian Adenocarcinoma 

Human Lung Adenocarcinoma 

Human Renal Cell Carcinoma 

Human Colon Adenocarcinoma 

Human Chronic Myelogenous Leukemia 

Murine Lymphocytic Leukemia 

Murine Lymphocytic Leukemia 



15 



MRC-5 
CCD-19 LU 
Mar Bel 
IMR-90 
3T3 



Human Fibroblast 
Human Fibroblast 
Human Fibroblast 
Human Fibroblast 
Murine Fibroblast 
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Table 2. Composition of Program Development Research 

Group (PDRG) Basal Medium for Growth of Cells in 
Atmospheric C0 2 

Amino Acids ma/l a&ionized fl/i 



L-Alanine 



78 



12 
84 
136 
13 



L-Arginine (Pree base) 2 65 

L-Asparagine 88 

L-Aspartic Acid 5 

L-Cysteine (Reduced; Pree base) 52 

10 L-Cystine • 2HC1 24 

L-Glutamic Acid 5 
L-Glutamine 

Glycine 7 | 

L-Histidine (Free base) 141 

15 L-Isoleucine 78 

L-Leucine 81 

L-Lysine (Free base) 86 

L-Methionine " 37 

L-Phenylalanine 65 

20 L-Proline 
L-Serine 
L-Threonine 
L-Tryptophan 

L-Tyrosine (Free base) 137 
25 L-Valine 

Amino Acid Derivatives 

Putrescine • 2 HC1 0 . 06 

Vitamins Coenzymes and T.^ifl 

Biotin 0 10 

30 Folic Acid J*" 

Nicotinamide 1 70 

D ca Pantothenate i" 7 o 

Choline Chloride 6 30 

Pyridoxine • HCl 0 " 40 

35 Pyridoxal • HCl 1 30 

Riboflavin J* Tg 

Riboflavin-5* -phosphate 0 !o3 

Thiamine Monophosphate 0 30 

Thiamine • HCl ,*so 

40 Vitamin B12 0 so 

i-lnositol 9 ?X 

Lipoic Acid 0 07 

Linoleic Acid 0)03 

Carbohydrat es and Derivatives 

45 D-Glucose 1000 

Sodium Pyruvate 257 
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10 



15 



20 
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Table 2. continued... 
Amino Acids 

Nucleic Acid Der ivatives 

Adenosine* 

Cytidine* 

Guanosine* 

Hypoxanthine 

Inosine* 

Orotic Acid* 

Thymidine 

Uridine* 

Tnprq^njcs 

NaCl 
KC1 

Na2 HPO^ (ANHY) 
NaH2P0 4 (ANHY) 
MgS0 4 (ANHY) 
MgCl 2 • 6H 2 0 
KH 2 P0 4 

CaCl 2 • 2H 2 o 

Inorganic Trace Elements 

CuS0 4 • 5H 2 0 
Fe(N03) 3 ♦ 9H 2 0 
FeS0 4 • 7H 2 0 
ZnS0 4 • 7H 2 0 

Buffers and Indicators 

NaHC0 3 

^-glycerophosphate 
Phenol Red 



ma/1 dei onized H ; o 



10.0 
10.0 
10.0 

1.4 
25.0 
15.0 

0.24 
10.0 



7000 
341 
111 
36 
66 
107 
20 
165 



0.0008 
0.03 
0.28 
0.29 



75 
4320 
5 



♦Indicates additional supplementation of pdrg Basal Growth 
Medium for propagation of leukemia cultures. 
Final pH 5 7-3 

Final Osmolaritv - 290-295 mosM/yg 
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Table 3. Doubling times (Td) of cell lines of RPMI 1640 
and PDRG basal growth media 



10 



-15 



Td (hours) 



Cell Line 


RPMI 1640 
+5% C0 2 


PDRG Basal Growth 
Medium +0.04% C0 2 


HOP 62 


28.5 


41.0 


SN12K1 


17.8 


25.0 


M19MEL 


53.6 


22.4 


HT 29 


31.7 


28.7 


XF 498 


41.0 


50.6 


OVCAR 5 


24.0 


65.0 


K562 


16.5 


83.3 



Doubling times (Td) were calculated from the day 2 cell 
counts presented in Figure 3 and 5 (for K562) according to 
the method of Skehan (29), as outlined in the section on 
Materials and Methods. 
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Table 4. Doubling times (Td) and specific growth rates 

(SGR) of K562 myelogenous leukemia cells in RPMI 
1640 medium, PDRG basal growth medium and PDRG 
basal growth medium supplemented with nucleic 
5 acid precursors.* 



RPMI 1640 
1° eax ± 5$ CQ 2 _ 



PDRG Basal Growth 
Medium + 0.04% co z 



Td 
(hours) 



Td 
(hours) 



SGR 



PDRG Basal Growth 
Medium + 0.04% 
C0 2 + Nucleic Acid 
Precursors* 



Td 
(hours) 



SGR 





1 


19 


(139) 


28 


(80) 


20 


(129) 


15 


2 


17 


(174) 


83 


(22) 


22 


(115) 




3 


26 


( 92) 


59 


(32) 


28 


( 82) 




4 


63 


( 30) 


44 


(46) 


37 


( 57) 




5 
















6 


491 


(3.5) 


85 


(22) 


63 


( 30) 


20 


7 


576 


(2.9) 


66 


(29) 


108 


( 17) 




8 




( 0) 


78 


(24) 


164 


( 11) 



Doubling times (Td) and specific growth rates (SGR, 
percent increase in cell number per day) were calculated 
from growth curve data (Figure 5), according to the method 
of Skehan (29). *Additional supplementation of PDRG Basal 
Growth Medium with adenosine, cytidine, guanosine, 
uridine , inosine and orotic acid as indicated in Table 2. 
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WHAT IS CT AIMED IS * 

1. A growth medium for the maintenance, growth or 
propagation of cells in a C0 2 -independent atmosphere and 
composed of the following ingredients: 
5 Amino Apids ma/1 flejjmjzed ** 2 n 

L-Alanine about 78 

L-Arginine (Free base) 2 65 

I*-Asparagine 88 

L-Aspartic Acid 5 

10 L-Cysteine (Reduced; Free base) 52 

L-Cystine • 2HC1 24 

L-Glutamic Acid 5 
L-Glutamine 

Glycine 79 

15 L-Histidine (Free base) i 41 

L-lsoleucine ™ 73 

L-Leucine 81 

L-Lysine (Free base) 86 

L-Methionine 37 

20 L-Phenylalanine 65 

L-Proline 12 

L-Serine 84 

L-Threonine 13 6 

L-Tryptophan 13 

25 L-Tyrosine (Free base) 137 

L-Valine 69 

Amino Acid Derivatives 

Putrescine • 2 HCl about 0.06 
Vitamins Coenzymes a nd Lipid 

30 Biotin about 0-10 

Folic Acid 2 10 

Nicotinamide x ] 70 

D Ca Pantothenate i* 70 

Choline Chloride 6 # 30 

35 Pyridoxine • HCl 0 * 40 

Pyridoxal • HCl ! # 30 

Riboflavin 0 * 15 

Ribof lavin-5 ■ -phosphate 0 ! 03 

Thiamine Monophosphate n -\n 

40 Thiamine • HCl J # ™ 

Vitamin B12 a \ Q 

i-Inositol J # io 

Lipoic Acid 0 07 

Linoleic Acid Jj^jg 

45 Carbohydrates and egj&afcigaa 

D-Glucose 1000 

Sodium Pyruvate 257 
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40 



JHQ/1 

Nucleic Acid DerivaHvpc 

Adenosine* about 1(K0 

Cytidine* 10 0 

Guanosine* 10 * 0 

Hypoxanthine x [ 4 

25 !o 
15.0 



Inosine* 
Orotic Acid* 



Thymidine 0 # 24 

10 Uridine* X ° Q [^ 

anorganic? 

about 7000 

KCi 341 

Na2 HP0 4 (ANHY) llx 

15 NaH2P0 4 (ANHY) 36 

MgS0 4 (ANHY) 66 

MgCl 2 • 6H 2 0 107 

~t p 0 



KH 



20 



CaCl 2 • 2H 2 0 165 
20 Inorganic Trace Elem*^ 

^0 4 ♦ 5H 2 0 0-0008 

Fe(N03) 3 • 9H 2 0 0.03 

FeS0 4 • 7H 2 0 o JJ 

25nS0 4 • 7H 2 0 0#29 

25 Buffers and InfljsatfiEB 

*J aH ?°3 about 75 

^-glycerophosphate 4 3 2 0 

Phenol Red 5 

30 *Indicates additional supplementation of PDRG Basal Growth 
Medium for propagation of leukemia cultures. 

2. The growth medium of claim l, wherein the 
final ph of said medium is about 7.3 

3. The growth medium of claim 1, wherein the 
35 final osmolarity is about 290-295 mos/Kg. 

4. A method for culturing cells, comprising 
growing said cells in the growth medium of claim 1 in a 
co 2 -independent atmosphere. 

5. The method of claim 4 further comprising the 
use of a hollow-fiber technique. 

6. A method for in vitro screening of anticancer 
agents, comprising growing tumor cells in vitro in the 
medium of claim 1 in the absence and presence of an 
anticancer agent, a decrease in growth of the cells in the 

45 presence of the anticancer agent relative to the growth of 
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the cells in the absence of the anticancer agent, being 
indicative of the anticancer potency of said agent. 
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